ABSTRACT Four patients were found to react to occupational exposure to grinding of hard metal (tungsten carbide). Three of the patients had symptoms and signs compatible with an allergic alveolitis, the symptoms disappearing and the chest radiograph clearing when they were absent from work for a few months. Re-exposure to the offending agent led to new signs and symptoms. The first patient was re-exposed twice and each time reacted a little more seriously. After the last episode her chest radiograph has not cleared completely, in contrast to the first two times. The fourth patient had more typical occupational asthma. All the cases occurred in the part of the factory where air concentrations of cobalt were the lowest. The cobalt there is dissolved in the coolant necessary for grinding the hard metal. It occurs mainly in the ionised form, which is known to react with proteins and therefore presumably acts as a hapten. Protective measures, including choosing a coolant with minimal ability to dissolve cobalt and an effective exhaust system, should minimise the risk of this occupational disease in the future.
Hard metal lung disease has been described since 1940 as a cause of death in respiratory failure because of fibrosis of the lungs. Hard metal is an alloy consisting of mainly (tungsten) wolfram carbide (70-95%) and cobalt (5-25%) . Various amounts of other metals, such as titanium, tantalum and so on are often added. Because of its hardness, hard metal plays an important and increasing role in the industrialised world. It was first produced in 1926 and after world war 2 production increased substantially. Sweden is, through Sandvik Coromant, one of the world's leading producers of hard metal.
Tungsten carbide has been shown to be inert, and cobalt is considered to be the cause of the damage.1-3 A considerable effort has been made over the years in the hard metal industry to reduce the levels of dust and particularly cobalt exposure in the workers' environment. The occurrence of pulmonary disease which could be connected with hard metal exposure in four workers in the present factory was, therefore, unsuspected and alarming. In this report we describe the four nection with them. The amount of various metals in the mediastinal lymph nodes from these patients and from control subjects is also reported.
The industrial process
The first step in the production is forming wolfram carbide (WC) from the ore. The WC is then milled to a fine powder and mixed with finely milled metallic cobalt. The purity of the powder is very important, and the size of the granules is ideally 1-2 mm. Next, the mixed powder is pressed into the roughly desired shapes and heated under pressure to about 1000°C. This gives the material enough hardness to be ground more finely for holes to be drilled into it. This is done by dry grinding. Thereafter the product is heated to about 15000C, which is above the melting point for cobalt. Finally, the pieces are ground to very exact shapes. Since the material is very hard, only diamond grinders can be used, and cooling is necessary. Pure water cannot be used for various reasons, and different emulsions in water therefore have to be used. Factory, 5 show that there is a tendency for the coolants to dissolve and accumulate cobalt, the amount varying a little between different compositions of the coolant. The coolant forms a fine spray of droplets which can be inhaled or deposited on the workers' skin or both. The cobalt in the coolant is mainly in the dissolved or ionised form, and after a few weeks the concentrations of cobalt had increased in some coolants up to 200 Mg/g. The main difference between the "dry" and the "wet" is thus that the cobalt level is higher in the dry area but it is non-ionised, while in the wet area, the level is very low and the cobalt is in the ionised form. 4 Case reports Four patients, two men and two women, were discovered to have pulmonary disease which could be connected with hard metal exposure during 1968-74. All four were working in the wet grinding area of Sandvikens Jernverk, Gimo. The period of exposure varied between two and four years ( fig 1) . Bronchoscopy was performed on all four patients and was normal in all cases. All four had also a mediastinoscopy mainly to exclude sarcoidosis because of the reticular changes on the radiographs. Glands from the mediastinum of these patients as well as from four control subjects, who worked in the same factory but did not have evidence of hard metal lung disease and two unexposed control subjects, were analysed by spectrophotometric analysis at AB Atomenergi, Studsvik, Sweden according to the method described by Brune and collaborators.6 The results of these analyses are shown in table 1 . The control glands in this investigation were taken from patients who, for various reasons, mainly suspicion of carcinoma, had undergone mediastinoscopy. The lymph nodes from the patients and the control subjects were all histologically normal, showing only varying degrees of anthracosis. All of the patients were non-smokers or ex-smokers, in contrast to the control subjects who were all smokers.
All four patients had contact eczema, which developed within a few months of starting to work in the wet grinding area. Patch tests were positive to cobalt in all four patients, with eczematous lesions developing within a few days after cobalt had been applied to the skin. who in a tungsten carbide manufacturing plant found nine patients with a respiratory sensitisation syndrome, and where tests showed cobalt to be the offending substance. Similarly, Bruckner22 has described a case with recurring asthma when he worked with grinding of tungsten carbide-tipped tools and where no other agents could be found to give symptoms.
The findings in the present patients led to an increased awareness about the possible harmful effects of cobalt exposure under present conditions in the Swedish hard metal industry. An epidemiological study of workers in the hard metal industry has shown that irritation of the respiratory passages is a common complaint in exposed workers and that the symptoms are mainly obstructive, but that a chronic reduction in the pulmonary function cannot be excluded. This kind of response was more common in smokers than in non-smokers. However, workers who had been removed from exposure because of complaints were not included. 13 There has also been extensive testing of coolants to find one which has the least tendency to dissolve the cobalt, and promising results in these aspects seem to have been reached at the factory. Likewise, there has now been much improvement in the ventilation and every machine has an exhaust system to minimise the workers' exposure. It is hoped that these measures will prevent the appearance of further cases. However, since allergenic mnechanisms are involved, even very minute exposures may sensitise certain individuals. So far, since our last case was diagnosed in 1973, no new cases have occurred.
